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(57) ABSTRACT

An adaptive compensation system for aspect ratio conver-
sion. Video information, mtended for her first aspect ratio
display, e.g. the standard NTSC aspect ratio, 1s processed to
determine additional information that can enable that video to
be displayed and fill a wider aspect ratio screen. The process-
ing can be a calculation which calculates, for example, tex-
ture, color and/or brightness of the edge portions, and auto-
matically calculates video information to match the texture,
brightness or color. The processing can be a database lookup,
which automatically looks up likely portions from a database.
The processing can also be an adaptive determination of what
vertical portions of the image can be stretched without atiect-
ing the viewability, and then an adaptive stretching of differ-
ent portions by different amounts.

10 Claims, 3 Drawing Sheets
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1
ASPECT RATIO ENHANCEMENT

CROSS RELATED APPLICATIONS

The present application claims priority from provisional
application No. 60/387,732, filed Jul. 13, 2004, and from
application No. 60/572,550, filed May 18, 2004, the disclo-

sures ol which are hereby incorporated by reference.

BACKGROUND

A ratio between the length and width of a video display unit
screen 1s oiten called the “aspect ratio”. Conventional aspect
ratios for broadcast NTSC video 1s a ratio of 4:3. However,
modern televisions and video display units are often formed
with an aspect ratio of 16:9 or even wider. Certain video
programs support this wider aspect ratio. However, a large
number of legacy programs are still broadcast and/or other-
wise available only in the ratio of 4:3.

In certain modemn screens, displaying on only part of the
screen can cause problems. Specifically, 1T one part of the
screen 1s used more than others, then that unused part of the
screen may age differently than those other parts. In certain
screens this can cause uneven brightness, or other problems
which make television viewing experience less enjoyable.

Conversely, simply displaying the program on the screen
and leaving black bars or like on sides of the displayed pro-
gram, may look bad.

Some televisions attempt to obviate his problem by allow-
ing the user to widen the program. However, the program
recorded at 4:3 ratio (1.25) 1s then displayed ata 16.9 or other
ratio (wider than 1.235). This makes the objects look out of
proportion and funny. This has often been found to be accept-

able.

SUMMARY

The present application teaches enhancing use of a video
system and 1ts aspect ratio. More specifically, an aspect
teaches techniques to facilitate displaying video programs on
a video screen which has a different aspect ratio than the ratio
for the program was originally intended.

One aspect describes a technique of allowing preparing
video display material for a video screen, where the material
was 1ntended orniginally for display on a screen with one
aspect ratio, and to be used on video screens of a different
aspect ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects will now be described with refer-
ence to the accompanying drawings, wherein:

FIG. 1 shows a block diagram of the basic system:;

FI1G. 2 shows a flowchart of operations;

FIGS. 3A-3C show different ways of handling the blank
areas 1n a video screen;

FI1G. 4A-4D illustrate different interpretation techniques;
FIGS. 5A-5C illustrate separate data display techniques;
and

FIGS. 6A-6C illustrate adaptive compensation of the
1mages,

DETAILED DESCRIPTION

One aspect of the present application defines displaying a
program which has different length and width characteristics
than the video screen which will be displaying that program.
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This may be used with broadcast media, where the broadcast
media 1s intended to include broadcasts of any frequency,
both real-time, and time-shifted, satellite programming,
recorded video, as well as any programming over media other
than the above.

FIG. 1 shows a basic block diagram of the system. Video
information 100, from whatever source, 1s provided to pro-
cessor 110 which operates to process the video, to either
change some aspect of the video, or make a determination of
other operations, 1f any, to take. The processed video 120 1s
output to a video screen 130 which 1s shown here as a wide
screen system. The embodiment given herein assumes that
the video resolutions of 4:3 being displayed on a screen o1 16
by 9 aspect ratio. However, 1t should be understood that any
conversion between any two aspect ratios or pixel ratios 1s
alternatively possible.

The video processing element 110 can be a dedicated
microprocessor, or can be some kind of hardware processor,
or can be dedicated circuitry which carries out the functions
described herein. FIG. 2 shows a basic tlowchart which 1s
followed by processing circuit 110. At 200, the processing
circuit determines if the video source 1s already widescreen.
That 1s, 200 detects whether the video source coming 1n 1s
already 1n the proper format to fit on the wide screen 130. If
s0, the video source passes the video to the display at 205
without modification.

I not, the processor 110 processes the video at 210. As
shown 1n FIG. 2, three basic kinds of processing are carried
out. In the first basic kind of processing at 215, the video 1s
simply moved on the screen, and operations are taken to avoid
screen burn in. This may be considered the most rudimentary
process, and probably the least desirable from the user’s point
of view. 220 1s an alternative which can be carried out, which
calculates and/or compensates for overall brightness. This
can be done 1n conjunction with the other embodiments. The
calculation and compensation basically keeps a record of the
number of times that each area on the screen has received
specified amounts of brightness. Compensation 1s then car-
ried outto attempt to render the brightness 1n other portions in
a stmilar way to avoid screen burn 1n.

230 shows a routine for correlate/interpolate/enhance of
the video information. In this embodiment, electronic tech-
niques are carried out to form additional portions for the video
content to be displayed to form additional parts of the video.

These techniques are described 1n further detail herein.

FIG. 3A shows a basic concept of the move routine 215.
Basically, the content 300 to be displayed 1s shown within the
outer perimeter 302, leaving blank areas 304, 305. The video
portion 1s moved cyclically back and forth to cycle the loca-
tion on the screen that contains the blank areas, that 1s, to
cyclically adjust the relative sizes of areas 304 and 305. The
picture can be stretched proportionally so that 1ts Y coordi-
nate, shown as 306, fits properly within the screen. The pic-
ture 1s then moved back and forth to reduce the asymmetry in
the screen burn in process. Preferably, moving occurs inaway
which will not become disconcerting to the user. For example,
the picture may be moved very slowly, or moved to a different
location only 1n between scenes, 1n between shows, or 1n
between watching sessions.

This will still mean that the center portion of the screen will
receive display at all times. The total brightness received by
the edge portions of the screen will be more even. However,
the center portion will always be displaying video, and hence
will still recerve more total brightness.

Accordingly, another embodiment maintains a table of an
amount of brightness received by each portion of the screen
over time. Basically, the screen can be divided into slices 1n
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the y direction, shown as 309. Each slice, which may be for
example Y2oth of the screen or Yioth for the screen, 1s main-
tained as a bucket representing the total amount of brightness
that has been displayed by that bucket. A number 1s associated
with the bucket, and incremented each time the slice receives
a specified amount of brightness.

In another embodiment, the actual average brightness dis-
play to the screen 1s also momtored. When that average
brightness itegrated over time exceeds a specified amount,
the brightness bucket 1s incremented.

Based on the brightness bucket, compensation for bright-
ness can be carried out. Different brightness compensations
which attempt to make sure that the screen 1s evenly used may
include the following. In one aspect, the edges of the screen
may be slightly brightened as compared with the center, dur-
ing normal play. Preferably that brightening 1s by an amount
which will not be noticed by the user or negligibly noticed by
the user. For example, 1t 1s believed that a 20% brightness
increase might not be noticed as undesirable by the user.
Another brightness compensation alternative i1s to provide
picture to the edge portions which require compensation,
during times in the television is not 1n use. For example, the
user can be mformed of the fact that a brightness compensa-
tion routine needs to be carried out, and asked for a time when
they will not be 1n the room, during which the compensation
can be carried out. For example, during the day when the
television 1s not being used, most users will probably not find
it objectionable to display white bands on the sides 1n order to
compensate in this way. Another aspect provides a motion or
heat sensor 1n the room, to sense when the room 1s empty of
people, using conventional motion sensor techniques. The
compensation can be carried out when the room does nothave
people therein. The compensation carried out during this time
can be of any desired type, since the room will presumably not
be observed by any people during this time.

One alternative operation may display closed captions in
the side bars, instead of over the picture as conventional. This
may be combined with the picture moving embodiment and/
or the average brightness monitoring embodiments, as dis-
closed above.

FIG. 3B shows a first of the correlated interpret enhance
routines 1n which edge portions 320 are compensated using
the content of the picture portion 321. First, the portion at the
edge 322, 323 of the picture portion 321 1s analyzed. This may
be the edge 20%, edge 10% or even the edge 5% of the
content. Alternatively, this may be the entire pixel content or
may be only a few pixels. However analyzed, this edge por-
tion 322 1s used to form a supplemental video portion which
will be used at the edge portion 322 to match to the existing,
video 1mage.

One aspect may match the median color. The median color
here 1s defined as the color pixel which 1s found most often in
a specified portion. Another aspect may include matching the
average brightness, that 1s the average luminance of the areas.
This area 322 may be matched, as shown, in different bucket
portions. In one aspect, a bucket may be a square neighbor-
hood, where the width of the areas 322 also defines its height,
shown as 324. However, the buckets can be of any shape; the
matching can be carried out over the entire y direction, or may
be carried out over different portions at different times.

FIGS. 4A-4D shows the operation of the enhancing and
interpolating the image to form edge portions. FIG. 4A, the
first bucket 324 1s evaluated, as described above, interpreted
to determine the second bucket 402 which has similar image
characteristics to the first bucket.

FI1G. 4B describes a database approach. According to FIG.

4B, the system maintains a database of usually used television
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program textures. The texture of the area 324 1s found at 405.
That texture 1s matched to one of the commonly-used textures
at 408. Once that texture 1s found, that texture 1s applied to the
arca 402 at 411. The texture may be used along with average
color, median color as described above, and/or average
brightness taken from the bucket 324. Preferably however, the
median color of the bucket 324 and the average brightness of
the bucket 324 1s used to set the same parameters 1n area 402.

FIG. 4C represents a system of extracting the actual tex-
ture, that 1s a pattern within the image defined by the area 400.

FIG. 4C shows analyzing a neighborhood 324, and 1ndi-
vidual pixel parts within that neighborhood. For example,
cach block of 4x4 pixels within the area 324 may be charac-
terized. Each 4x4 neighborhood 324 1s averaged at 420. Each
4x4 neighborhood 1s then classified for luminance, e.g.,
between the values zero and 7 at 422, that 1s for example zero
being least bright and seven being the most bright. This clas-
sification simply coarsely classifies each pixel luminance.
The values are used to form that texture, with each bit portion
in the texture being represented by a value between zero and
seven representing an average luminance. That texture 1s then
used as the interpolated texture 424, either exactly as 1t 1s, or
after left to right mversion.

The above has described substantially simplifying the
amount of data which 1s stored for the texture, both by sim-
plifying that number of luminance values that are stored, and
simplifying the total number of pixel values which are stored.
However, 1t should be understood that the raw data can be
obtained without simplification. The simplification, however,
may allow the processing to the carried out more effectively.

FIG. 4D depicts finding basic shapes within the portion
400. Here, the video 444 includes a line 1n area 450, and a
geometrical area 460. In thus embodiment, the processing
finds certain basic shapes using a shape recognition algorithm
as known 1n the art. The interpolation then computes the basic
shape beyond the edge of the video; for example, the basic
shape 450 1s completed as shape envelope 4351. The basic
shape 460 may simply be mirrored to form the shape 462 as a
mirrored portion of the shape 460. When a known shape 1s
found at the edge, that known shape 1s simply continued;
when an unknown non regular or non-known shape 1s found,
that shape may also be mirrored. Of course, other more
advanced shape matching algorithms can also be used 1n an
analogous way.

FIGS. 5A-5C represent an embodiment where the extra
information 1s not calculated, but 1s rather obtained. In FIG.
5A, a database 501 of “additional information” represented 1n
FIG. 4A as area 402, 1s maintained. FIG. 5A shows this
database as being coupled to processor 110, which coupling
can be a wired connection, or wireless, or over the channel
that carries the video. Database 500 can be maintained at a
central location, or within the television 1tself. That informa-
tion states that given a basic portion of x shown as 501, you
are likely to have an extended portion of 502.

Many of the programs which are broadcast or available 1n
4.3 broadcast resolution are actually programs which have
more information associated with them, but which have been
truncated to fit within the NTSC standard broadcast. For
example, many movies and other shows are “edited for tele-
vision”, meaning that the enhanced aspect ratio portions have
been removed. The database may represent how the average
editing of this type occurs, or may be a database of precom-
piled information of the type described above 1n F1G. 4A-4D.

FIG. 5B shows a flowchart of storing and reconstituting the
actual information that 1s removed during editing. That addi-
tional information, removed when the show has been edited
for television, 1s sent to the television 1n a separate way. In the
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FIG. 5 B embodiment, for example, each show 1s assigned a
unique i1dentifier at 510. The widescreen information is stored
separately from the narrow (edited) screen information at
512. The user (or television automatically) can request at 514
that additional information which 1s sent over the cable chan-
nel that 1s the communication channel or sent over a network.
In this way, the actual additional imformation can be sent
separately from the television show. This can be done as a for
pay arrangement, for example; the television stations can
send the additional information on a per use basis, or includ-
ing commercials therein.

FI1G. 5C shows yet another embodiment 1n which the wide-
screen information 1s sent totally separately from the NTSC
standard information. The widescreen information may be
sent over a separate channel over the Internet or over a broad-
cast channel of different type. The widescreen information

can be sent, for example, as Digital compressed video. The
Digital compressed video, for example in MPEG4 format, 1s
then decoded by the television and in 1s displayed as the
additional information. FIG. 5C shows the NTSC standard
information 320 being sent separately from the “extra™ infor-
mation 522 used to produce the edge portions 304, 305.

In an alternative embodiment, the edge portions, which
would otherwise be blank, may be used for additional textual
information. For example, they can be used for closed cap-
tions, foreign translations into alternative languages, or other
notes or supplemental information. It may be advantageous
when the extra portions are being used for textual annotations
of this type, for the video to the pinned against either the lett
or the right side of the screen. This may be used with a variant
of the FIG. 3A embodiment, 1n which the video 1s first dis-
played against a left side of the screen, and subsequently
displayed against the right side of the screen.

The above has described some basic techniques, but 1t
should be understood that other modifications 1n the above are
possible. One primary modification which 1s intended 1s that
this system be usable with other forms of video distribution,
such as video over IP, and video over any other channel.

Another aspect 1s explained with reference to FIGS.
6A-6C. One problem with stretching the aspect ratio 1s that
certain things will look unnatural when stretched. A person
who 1s stretched 1n the vertical direction obtains a totally
different look, and often has a shape that looks unnatural.
According to this embodiment, different portions of the
screen are analyzed, and it 1s determined whether these por-
tions of the screen are other types which can be stretched
horizontally without distorting. For example, a person cannot
be stretched significantly 1in the horizontal direction, without
being distorted by the stretching operation. The adaptive
stretching classifies the objects about whether they can be
stretched or not.

FIG. 6 A 1llustrates an exemplary image 600 which 1s to be
displayed on the screen of the television. While this image 1s
depicted as being an 1image format, i1t should be understood
that the 1image could be mampulated by the processor while
the image 1s still present as a digital signal. Different portions
within the image are classified. For example, the image
shown 1 FIG. 6A has text portions 605, another portion
showing a cat 610, and yet another portions 615 showing a
stool. Each of these objects 605, 610, 615 are classified. A
decision 1s made for each object individually as to whether the
object will look distorted when stretched horizontally.

The screen 1s then divided into vertical sections, with cer-
tain vertical sections such as 620 having no objects therein,
and therefore presumably being only background. Other ver-
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tical sections such as 622 include text only. Still another
vertical section 624 includes an anmimate object and 626
includes an inanimate object.

The vertical sections are classified as to whether they can
be stretched without distortion or not. The slices such as 620
and 623 which include only background or textures therein
can certainly be stretched. Portions with text only can be
stretched such as 622. In general, inanimate objects such as
present 1n slice 626 can be stretched, while animate objects
such as present 1n slice 624 cannot be stretched. The slices
which can be stretched are stretched by the desired amount
forming a widened aspect ratio in which the slice 624 1s
maintained as not stretched, but slices such as 626 are
stretched. The slices such as 623 which include text are also
stretched, as 1s the slice 622 which includes text.

FIG. 6B shows the result of the adaptive stretching in
which certain items, here are the ones with inanimate objects
and text, are stretched (in the direction parallel to the hor-
zontal plane), but other i1tems, here the ones with animate
objects are not stretched.

This may work fine 1n certain circumstances, but may
distort the perspective of the scene. For example, it can be
seen 1n FI1G. 6 A that the cat in 610 1s very close to the text 605.
However, 1n FIG. 6B, the cat 1s much further from the text
622. This may create distortions 1n the field of the picture. For
example, 1 the cat starts walking towards the text, the suc-
cessive frames will be compensated 1n a similar way to that
discussed above, making the cat’s walking seen unnaturally
fast. FIG. 6C illustrates an embodiment with object based
stretching. In FIG. 6C, each slice 1s stretched by the same
percentage stretch. Therefore, all of the slices become wider
proportionally. However, rather than changing the aspect
ratio of the unstretchable objects, the other stretchable objects

are adjusted not only 1n the vertical direction but also in the
horizontal direction. Theretfore, the cat in 610 1s stretched 1n
both vertical and horizontal directions so that 1its vertical to
horizontal ratio 1s maintained constant. Slice 624 1s still
stretched, but 1s stretched without distorting the animate
object 610. In contrast, the other objects, such as the object
615 1s stretched vertically only since the vertical stretching
will not affect these objects. In summary then, the embodi-
ment of FIG. 6C classifies each object as to whether 1t can be
stretched or not, forms and vertical strips with each vertical
strip encompassing and object, and determines the way 1n
which the vertical strip should be stretched based on the
object within the vertical stretch.

Multiple objects may be within a single vertical strip, and
these multiple objects may be handled differently. For
example, a strip which includes both animate and mnanimate
objects would not be stretched in the FIG. 6B embodiment,
but would be partly stretched 1n the FIG. 6C embodiment so
that only the objects 610 would be stretched horizontally,
while other objects which are mmanimate would be stretched
only vertically and have their length to width ratios altered
appropriately.

Although only a few embodiments have been disclosed 1n
detail above, other modifications are possible, and this dis-
closure 1s intended to cover all such modifications, and most
particularly, any modification which might be predictable to a
person having ordinary skill in the art. For example, while the
above has described a processor operating according to a
flowchart, it should be understood that this can be done by a
DSP, or by FPGAs, or any other structure that can process
information. This can also be done by a “shader” 1n the video
processing hardware.

Also, only those claims which use the words “means for”
are intended to be mterpreted under 35 USC 112, sixth para-
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graph. Moreover, no limitations from the specification are
intended to be read 1nto any claims, unless those limitations
are expressly included 1n the claims.

What 1s claimed 1s:
1. A method comprising:

obtaining video mnformation having a first ratio of length to
width; and

automatically determining additional video information
for a wider width display,

wherein said additional portion 1s calculated based on a
shape of objects within said at least an edge portion, and
wherein said automatically determining comprises
determining objects 1n said edge portion, determining
shapes which represent likely continuations of said
objects, and producing said additional video informa-
tion which includes information indicative of a continu-
ation of said shapes.

2. A method comprising:

obtaining video imnformation having a first ratio of length to
width; and

automatically determining additional video information
for a wider width display,

wherein said automatically determining comprises classi-
tying objects within the video information, and stretch-
ing some, but not all of the video information horizon-
tally by a specified amount based on said classitying.

3. A method as 1n claim 1, wherein said classifying com-
prises determining 1 the object can be stretched one dimen-
sionally without distorting 1ts look.

4. A method as 1n claim 1, wherein said classitying com-
prises determining if the object can be stretched one dimen-
sionally without distorting its look, stretching the object in a
single dimension 11 1t can be stretched, and stretching at least
one object 1 two dimensions while maintaining an aspect
rat1o of the object, 11 the object cannot be one dimensionally
stretched.
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5. A method as 1 claim 2, further comprising stretching
other parts of the video information horizontally by a second
specified amount based on said classiiying.

6. A method as 1n claim 2, further comprising displaying
said additional video information along with said video infor-
mation, on a video screen.

7. An apparatus, comprising:

a processing element, which receives video information as
an input thereto, said video information having a first
ratio between length and width of the video information,
and said processing element operating to automatically
determine additional video information for display on a
display with second, wider ratio between length and
width, wherein said processing element determines a
texture of said at least edge portion, and calculates said
additional video information having a texture related to
said calculated texture, wherein said processing element
automatically recognizes shapes within said video infor-
mation, and calculates a continuation of said shapes 1n
said additional video information.

8. An apparatus, comprising:

a processing element, which receives video information as
an input thereto, said video information having a first
ratio between length and width of the video information,
and said processing element operating to automatically
determine additional video information for display on a
display with second, wider ratio between length and
width, wherein said processing element operates to clas-
sify objects within the video information to determine
information indicative of whether the objects can be
stretched one dimensionally.

9. An apparatus as in claim 8, wherein said processing
clement stretches vertical portions of said video information
based on objects classified within said vertical portions.

10. An apparatus as in claim 9, wherein said processing
clement stretches some vertical portiOns more than it
stretches other vertical portions.
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